Consideration of Embodied Expertise Transfer Process in Manufacturing-site-Through the development example of wheelchair for the Physically Disabled Users  by Kamei, Shogo et al.
 Procedia Computer Science  64 ( 2015 )  125 – 131 
Available online at www.sciencedirect.com
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of SciKA - Association for Promotion and Dissemination of Scientific Knowledge
doi: 10.1016/j.procs.2015.08.472 
ScienceDirect
CENTERIS 2015 - Conference on ENTERprise Information Systems / PRojMAN 2015 - 
International Conference on Project MANagement / HCIST 2015 - International Conference on 
Health and Social Care Information Systems and Technologies 
Consideration of Embodied Expertise Transfer Process in 
Manufacturing-site
-Through the development example of wheelchair for the 
Physically Disabled Users- 
Shogo Kameia*,Masakazu Ohashib,Mayumi Horic
aTAMA Graduate School of Business, 2-14-14,Konan,Minato-ku,Tokyo,108-0075,Japan㸪b Chuo University, 742-1 
Higashinakano,Hachioji-shi, Tokyo,192-0393, Japan,  C Hakuoh University, 1117 Daigyouji,Oyama-shi,Tochigi,323-8585,Japan  
†
Abstract 
This paper examines the embodied expertise transfer process between disabled persons and developers in the electric 
wheelchair manufacturer’s development workshop for disabled persons. What we found in this study is listed as follows. 1) 
The embodied expertise of able-bodied persons is metacognitively verbalized through the “intercorporeality 
(intercorporéité)” between able-bodied and disabled persons. 2) The embodied expertise that has been metacognitively 
verbalized is transferred from the craftsmen to the tools used by the disabled persons. The embodied expertise not yet 
metacognitively verbalized by the disabled persons and the embodied expertise already transferred have and maintain a 
complementary relationship. 3) The embodied expertise not yet metacognitively verbalized by the disabled persons further 
accelerates the process of metacognitive verbalization of the embodied expertise of able-bodied persons through the 
intercorporeality between able-bodied and disabled persons. 
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1. Introduction 
Kamei et al. have clarified the mechanism of information transfer (i.e., embodied expertise transfer) between 
intellectually disabled and non-disabled persons by examining enterprises that were vitalizing their business by 
making use of the capability of disabled persons who were playing an active role in the workplace[1]. Based on 
a case study that focused the development and manufacturing of electric wheelchairs for physically disabled 
users, the embodied expertise transfer mechanism between physically disabled users and able-bodied 
developers is verified in this paper.  
2. Construction of Hypothesis  
2.1. Embodied expertise transfer process between intellectually disabled and non-disabled persons in a 
manufacturing workplace  
 Kamei et al. clarified how a skill or technique learned by the body (i.e., embodied expertise) was transferred 
from a non-disabled person to an intellectually disabled person in a manufacturing workplace[1]. The following 
findings have been reported in previous studies based on intercorporeality: It seems that the intercorporeality 
between disabled and non-disabled persons or the status referred to as “syncretic sociability (human beings 
living in the conditions that are closely agglutinated with others)” by Okui and Merleau-Ponty plays a major 
role in the embodied expertise transfer process in areas where intellectually disabled persons can actively and 
efficiently manufacture high-value-added products[2][3]. Suwa postulated that the essence of embodied 
expertise acquisition was a gradual process in which the interaction between body and environment is 
continually reconstructed[4]. Furthermore, metacognitive verbalization was perceived as a promising research 
methodology for this gradual process because it is a process in which the cognitive experiences of one’s own 
linguistic thinking, and the perception of environments and physical motions, are verbalized. The 
aforementioned finding leads to the first hypothesis that, in a workplace in which intellectually disabled persons 
can actively play their role, non-disabled persons would notice the variables in their own embodied expertise 
while they are interacting with the disabled persons due to the intercorporeality between disabled and non-
disabled persons. In other words, as stated by Suwa, the articulation of embodied expertise would be 
accelerated by the metacognitive verbalization of the embodied expertise[4]. The intercorporeality in Japanese 
workplaces was previously discussed by Nonaka and Katsumi, but they did not extend their specific discussions 
as to how intercorporeality was related to the transfer of embodied expertise and information[5].  Kamei et al. 
intended to clarify how the intercorporeality between non-disabled and disabled persons was related to the 
transfer of embodied expertise in the workplace where the intellectually disabled persons were actively playing 
their role[1]. Note that Suwa reported  that the metacognitive verbalization of embodied expertise was primarily 
observed in only one person[4]. The relationship between the sender and receiver of the information was 
discussed by Ishihara and Suwa, which described how the trainer should teach the trainee[6]. It was concluded 
that it was important for the trainee to reflect upon himself (i.e., observational thinking). Kamei et al. also 
intended to clarify how the gradual process of the embodied expertise discussed by Suwa was exhibited within 
the context that the receivers of the information were the intellectually disabled persons[1] [4]. Kamei et al. 
presented and verified the second hypothesis claiming that each element of the metacognitively verbalized 
embodied expertise was transferred from the non-disabled persons to the disabled persons and that, in the final 
stage, a complementary relationship was established between elements of the metacognitively verbalized 
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embodied expertise transferred to disabled persons, while the tacit knowledge elements remained in the non-
disabled persons[1]. The following two figures show two hypotheses presented by Kamei et al. with 
illustrations[1]:  
(1)The non-disabled persons metacognitively verbalize their embodied expertise through the intercorporeality 
with the disabled persons. In Figure 1, the process to establish intercorporeality in the initial stage is termed the 
“mirror process,” and the process to metacognitively verbalize the embodied expertise is termed the “parsing 
process.”  
(2)The metacognitively verbalized embodied expertise is transferred from the non-disabled persons to the 
intellectually disabled persons, and a complementary relationship is established between the embodied expertise 
transferred to the intellectually disabled persons and the embodied expertise that remained in the non-disabled 
persons. (See Figure 2)                                           
                                            Stage 2              Stage 1                     Stage 2   
                    
Figure 1. Metacognitive Verbalization     Figure 2. Complementary Relationship     Figure 3. Stage-up phenomenon in embodied expertise transfer 
between able-bodied and disabled persons 
Source: Kamei et al. [1]         
The above hypotheses have been verified in two case studies, and a series of processes starting from the 
mirror process and ending at the complementary process creates a stage-up phenomenon, in which the 
embodied expertise of the non-disabled persons is metacognitively verbalized further and transferred to the 
intellectually disabled persons. (See Figure 3) 
                             
2.2. Presentation of Hypothesis 
In this paper, the following three hypotheses are presented for a case study in which the relationship between 
disabled users and able-bodied developers in the manufacturing-site is analyzed.  
(1)The able-bodied persons metacognitively verbalize their embodied expertise through the intercorporeality 
with the disabled persons.  
(2)The metacognitively verbalized embodied expertise is transferred from the able-bodied persons to the 
disabled persons, and a complementary relationship is established between the embodied expertise transferred 
to the disabled persons and the embodied expertise that remained in the able-bodied persons.  
(3)The embodied expertise of able-bodied persons that is not transferred but remained in the able-bodied 
persons is metacognitively verbalized further so that it can be transferred to disabled persons.  
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3. Case Studies: Saito Kobo Co., Ltd. 
3.1.  Outline of Target Organization of Survey and Analysis  
The target organization of our survey and analysis was the company known as SAITO KOBO Co., Ltd, 
which was founded in June 2000 and obtained three million yen in capital to develop electric wheelchairs. It is 
located at 4-27-3, Honjo, Sumida-ku, Tokyo. It has 14 employees and operates under Shou Saito, representative 
director of the company. Their development capabilities have been acknowledged. They have developed and 
manufactured as many as 1,500 custom-made electric wheelchairs.  
3.2. Outline of Multifunctional Electric Wheelchair  
The representative director of the company, Shou Saito, in the course of making a wheelchair that meets the 
requirements of disabled individuals, based on the degree of disablement for an individual disabled person, has 
noticed a significant number of cases where the disabled individual may only be able to reach their potential, or 
enjoy a significant number of possibilities, if they can use a wheelchair with proper functionality. Since 2008, 
he has been developing a multifunctional electric wheelchair to meet every requirement. These models are 
known as the REL (Rear Expanding Link) series, and are able to expand the area for disabled persons in nearly 
every aspect of Japanese living and housing conditions, regardless of the degree of disablement. The “REL 
series” wheelchair can have various functions added by selecting the appropriate units. This series of 
wheelchair does not have a limit in terms of its modifications, but the modular configuration adopted in the 
design allows for the wheelchair to be adjusted to fit the individual user. Despite the fact that this series of 
wheelchairs is commercially available, they have capabilities and functions like those of custom-made 
wheelchairs and can be delivered in a short amount of time. This series of wheelchairs can cope with activities 
in narrow Japanese houses and outdoors, against obstacles such as bumps, steps, and slopes. One example of 
design focuses on providing special attention by holding the user comfortably on the seat, preventing 
exhaustion. This has been enabled by installing a seating position holding function. Another example has 
adopted six wheels, instead of the conventional four wheels, thereby reducing the cornering diameter of the 
REL series wheelchair to as little as approximately 80 cm, as opposed to the 160–190cm diameter of the four-
wheel wheelchair. The footprint of the REL series wheelchair when making a turn is approximately one-fourth 
that of a conventional wheelchair. 
                                                                                                                              
3.3.  Interview with Representative Director, Shou Saito  
  The first author carried out an interview with Shou Saito, the representative director of SAITO KOBO Co., 
Ltd., at the main office (located at Sumida-ku, Tokyo) on February 19, 2014. An interviewer and Shou Saito 
had this face-to-face interview between 13:30–15:30. The summary of the questions and responses is itemized 
below:  
 (1) How do you consider the needs of disabled persons?  
We cannot collectively apply the word “disabled persons” to all but we have to understand that every 
disabled person has their own problem. It is not rare that some of them do not know the limits or constraints 
imposed by their disorder. As a human living in the same society as that the disabled persons are living in, it is 
important for me to perceive their limits with my own sense and to propose solutions that can remove such 
limits. This can be understood when we know that the excellent care equipment is often developed by family 
members of the disabled person.  
(2) How have you developed your wheelchairs?  
I met those who are suffering from a variety of troubles, such as ALS, encephalopathy, and spinal cord 
injuries, and I put my efforts into attempting to remove the limits that are incurred from these troubles. For 
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example, we have developed the seating position holding function so that the user can keep their posture 
balanced even when the wheel chair is on a slanted floor. This is an example of our solutions that can resolve an 
issue common to every disabled person, and on the other hand we have devised a solution respectively 
applicable to the individual person. In cases involving restrooms, we have designed a tilting function that can 
tilt the chair in the right or left direction for those who sit on the toilet seat from the side of the chair. However, 
depending on the condition of the disability, some of them may have difficulty in sliding their posture sideways. 
In cases like these, the chair itself has been designed such that it is lowered to the floor to allow the user to sit 
on the toilet seat while facing forward. In any case, we try to understand the disabled persons, imagine the 
constraints imposed on them, and create the wheelchair. This is an image of our process.  
(3) REL project 
We have made a complete and perfect model by incorporating our experiences in successfully reliving the 
disabled persons from their constraints into the model, and then we have subtracted functions from this model 
to create the basic model of the ĀREL series” wheelchairs. Most wheelchair users will experience some 
constraints in the course of using their wheelchair. Thus we ask them to first use the basic model, and when 
they experience any constraint we will add functions to resolve the constraint. We prepare modular units that 
have the additional functions beforehand so that we can add such functions as those that may be installed in the 
custom-made model to the basic model on short notice.  
4. Findings  
4.1.  Intercorporeality between able-bodied developers and physically disabled users  
The activation of communication between able-bodied and disabled persons is not good enough and cannot 
explain why developers can develop a wheelchair that removes the inconveniences that even daily users of the 
wheelchair do not notice. The critical factor is the interrelationship between human beings called 
“intercorporeality.” Shou Saito told us that he did not have any knowledge about disabled persons before 
starting the company. However, while they were dedicating themselves to making the wheelchairs in the 
development work shop, they began to understand what weak points and difficulties physically disabled persons 
experienced while they were using the conventional wheelchair. For example, when they are trying to move 
from the wheelchair to the toilet seat, the gap between the wheelchair and seat becomes an obstacle impeding 
the movement of the body. The process of their understanding of weak points and difficulties is exemplified in 
the development history of the tilting function to tilt the wheelchair seat to the left or right, which is the fruit of 
their efforts to discover what function is to be added to the wheelchair to eliminate this gap. Saito told us that, 
even though he was different from the users in that he was an able-bodied person and the users were disabled 
persons, he, as a human being, perceived with his own senses the limits imposed on the users. These remarks 
made by Saito seem to correspond to a case referred to as “syncretic sociability (human beings are living in 
conditions that are closely agglutinated with others)” by Okui and Merleau-Ponty; in other words, the 
intercorporeality between the able-bodied and disabled persons makes the able-bodied persons notice the 
variables in their own embodied expertise, causing the articulation of the embodied expertise to be accelerated 
by the metacognitive verbalization of the embodied expertise[2] [3]. It is the reason why developers such as 
Saito could devise mechanisms that overcome the factors that disabled persons feel inconvenienced by, by 
taking the subjective viewpoint of the disabled persons. They have successfully completed development on the 
premise that there exists a relationship called intercorporeality between the physically disabled users and the 
able-bodied developers.  
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4.2.  Transfer of embodied expertise and stage-up of complement relation  
The able-bodied developers began to understand what inconvenienced disabled persons through 
intercorporeality with the disabled persons. At the same time, the able-bodied developers verbalize the 
perceptive and physical experiences that they are usually unaware of. In other words, they unearth the 
articulation of their own embodied expertise, and metacognitively verbalize the knowledge repeatedly. The 
results of this metacognitive verbalization process are embodied in the REL series electric wheelchairs in the 
aforementioned “REL Development Project.” In other words, the exchange of the embodied expertise that has 
been metacognitively verbalized is embodied in the form of tools for disabled persons. The disabled persons 
who ride daily on the electric wheelchair manufactured in the form of the culmination of the new embodied 
expertise will find new inconveniences; in other words, they will find embodied expertise that is not yet 
metacognitively verbalized. Then, they will inform the developer of their inconveniences, i.e., new embodied 
expertise. The developer who perceives them through the intercorporeality takes the embodied expertise into 
the product development. This process has been embodied in the “REL project” in the form of units that can 
provide various additional functions. That is, we can say that the transfer of embodied expertise has been 
moved one stage up.  
5. Conclusions 
Based on the above discussions, it can be said that three hypotheses have been verified. All three hypotheses 
presumed in this case study for investigating the embodied expertise transfer between disabled and able-bodied 
persons in a manufacturing environment have been verified, and for the second hypothesis it has been 
discovered that the following process exists: “After the metacognitively verbalized embodied expertise is 
transferred from the able-bodied persons to the disabled persons and a complementary relationship with the 
embodied expertise in the disabled persons has been established, the embodied expertise in the disabled persons 
is gradually transferred to the able-bodied persons through intercorporeality, finally establishing a 
complementary relationship with the embodied expertise that remained in the able-bodied persons.”  
Thus, we can definitively verify the hypotheses in Kamei et al. [1]. In a situation where the developers are 
able-bodied persons and the users are disabled persons, it has been found that the first embodied expertise that 
can establish a complementary relationship with the metacognitively verbalized embodied expertise in the 
second hypothesis is not the embodied expertise of the able-bodied persons, but the embodied expertise of the 
physically disabled persons actually using the wheelchair.  
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